ABSTRACT | Background: The practice of minimal handling is recommended for preterm infants (PTIs). However, few studies have investigated the effects of this practice among these infants or the time needed to ensure greater physiological stability, especially after exogenous surfactant treatments. Objective: The current study compared the effects of two protocols of minimal handling on the physiological variables of PTIs after surfactant therapy. Method: An exploratory prospective observational study was performed with 40 PTIs weighing less than 1,500 g. The infants were divided into two groups and monitored for 72 hours. One group received the standard minimal handling procedure during the first 12 hours after surfactant therapy; the other group (i.e., the modified group) received minimal handling within 72 hours after surfactant therapy. Infant heart rate (HR), oxygen saturation, body temperature, and the adverse events associated with changes to these variables were monitored every 10 minutes. Results: Significant between-group differences were not found with regard to the occurrence of the adverse events associated with physiological changes (p>0.05).
Introduction
Advances in the health area and neonatal intensive care have led to increased survival rates among lowbirth-weight preterm infants (PTIs) [1] [2] [3] . Prematurity is an important indicator of health because it affects aspects of development and growth throughout childhood 3 . Recently, changes in the profile and survival rates of PTIs, especially those with very low birth weights, have led to modifications in the antenatal and postnatal care provided to them 1, 4, 5 . With regard to postnatal care, exogenous surfactant therapy 6, 7 and developmental care centered on the newborns (NBs) and their families 8, 9 are of particular relevance.
Exogenous surfactant replacement therapy significantly improves oxygenation, which can reduce time on mechanical ventilation (MV), oxygen use, length of hospital stay, and the mortality rate among PTIs 6, 7 . However, evidence shows that this therapy is associated with adverse events such as acute episodes of decreased peripheral oxygen saturation, bradycardia, pulmonary hemorrhage, and systemic hypotension, all of which can lead to changes in cerebral blood flow and the risk of periintraventricular hemorrhage (PIVH) 10 .
Developmental care routines such as minimal handling procedures, PTI rest period maximization, and the distribution of group care over 24-hour periods 8, 9 require reduced sound and light levels in neonatal intensive care units (NICUs). In this manner, health professionals who care for these infants are "coregulators" and should provide adequate support for the NBs 11 . Contact between children admitted to the NICU and their parents should be encouraged because it allows a bond to form and provides comfort to the family 12, 13 . These types of care have improved developmental outcomes, reduced the number of days on MV, decreased the incidence of PIVH, and improved the autonomic stability and self-regulation abilities of PTIs 9 . Very low birth weight (<1,500 g) PTIs diagnosed with respiratory distress syndrome (RDS) due to hyaline membrane disease (HMD) and needs the MV there are greater risk for developing PIVH over the first three days (72 hours) of life 14 . This period is critical because these NBs there are possibilites to changes in cardiovascular parameters due to the immaturity of the central nervous system, in addition to frequent handlings resulting from of the various routine procedures in intensive care units 15 .
Although minimal handling is recommended for PTIs
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, few studies have evaluated the effects of this practice on NBs or the time needed to ensure their general physiological stability. Given the potential risks and adverse events associated with exogenous surfactant therapy as well as the risk of developing PIVH over the first 72 hours of life among very low birth weight NBs, this study was conducted to compare the effects of two minimal handling protocols on physiological variables in very low birth weight infants on MV over the first 72 hours after surfactant therapy.
Method
This exploratory, prospective, and observational study was conducted in a neonatal intensive care center that continuously monitored the dependent variables as well as counted the number and type of procedures performed and the number of adverse events that occurred among two groups of PTIs receiving different minimal handling protocols (i.e., the standard group [SG] and the modified group [MG]; Appendix 1) for 72 hours after exogenous surfactant therapy. The first 12 hours after surfactant therapy were considered the baseline period during which all NBs participating in the study received similar handling conditions. The participants were selected using the following inclusion criteria: The mother, father, or guardian signed an informed consent document; NB birth weight <1,500 g; endotracheal intubation and invasive MV at birth; and exogenous surfactant therapy via an endotracheal tube 17 . NBs were excluded due to severe bradycardia (heart rate [HR] <60 bpm) or spontaneous severe desaturation (peripheral oxygen saturation [SpO 2 ] <60%) shortly after birth, requiring cardiac massage or ventilation with a manual resuscitator; pneumothorax or the use of thoracic drainage, pulmonary hemorrhage or death, severe neurological disorders, severe congenital abnormalities, or extubation less than 72 hours after surfactant therapy.
The approximate sample size (n) for this study was obtained using 16 PTIs from a pilot study and an estimation using Student's t-test for independent samples with a maximum allowable difference of one unit, a power of 0.80, and the greatest standard deviation among the dependent variables (i.e., SpO 2 =1.76). This measure was estimated between groups, and SpO 2 was considered to be the primary outcome. The minimum expected difference for the groups was a desaturation value of 2% below the lower limit (85%), which was considered to characterize an adverse event associated with this variable after 12 hours of surfactant therapy administration (values between 85% and 88% were disregarded because they might represent the intrinsic measurement variability of the device itself). This study estimated that an n of 50 PTIs was required for each group, for a total n of 100.
A sample of 78 PTIs was recruited during the study (36 in the SG and 40 in the MG). However, 36 PTIs (14 in the SG and 22 in the MG) were excluded due to the occurrence of at least one exclusion criterion ( Figure 1 ). The data of two other PTIs were excluded due to experimenter error. Therefore, the final sample consisted of 40 PTIs (22 in the SG and 18 in the MG). Statistical power was calculated using Student's t-test approximation, yielding a power of 0.99 after considering a difference of one standard deviation among the number of adverse events for each variable, per group.
Physiological effects were evaluated. HR and SpO 2 (with a pulse oximeter) were continuously monitored and recorded automatically using a Model 2023 Dixtal ® monitor (Manaus-AM, Brazil, precalibrated) with data stored for later analysis. Axillary temperature was recorded using an Incoterm ® mercury thermometer (Wuxi Medical Instrument Factory, Jiangsu, China; national representative: Incoterm Industry Thermometers Ltd., Porto Alegre, RS, Brazil).
The HR and SpO 2 data were recorded at ten-minute intervals per monitored evolution and analyzed 72 hours after exogenous surfactant therapy by a study collaborator. among the study group and between-group difference comparisons were performed. The professional responsible for the execution of this examination was blinded to group assignment.
The PTIs were divided into two groups: Those in the SG received the institution's existing minimal handling protocol during the first 12 hours after surfactant therapy; those in the MG received the minimal handling protocol during the first 72 hours after surfactant therapy (i.e., the standard 12-hour protocol plus 60 hours after surfactant therapy). A blue (SG) or red (MG) identifying plate was placed on the incubator of each participant. This identification remained on the incubator throughout the study period. Minimal handling time was used to differentiate the study protocols.
The PTIs in both groups remained in the supine position with a headboard inclined at 30 degrees. The PTIs did not change position for 12 hours after surfactant therapy, and they received the multidisciplinary team care procedures based on their needs according to the minimal handling protocol of the institution where the study took place. Twelve hours after surfactant therapy, the SG PTIs received routine care procedures until 72 hours after surfactant therapy according to the neonatal intensive care routine of the institution where the study took place. The MG PTIs remained supine with a headboard inclined at 30 degrees. The PTIs did not change positions for 72 hours after surfactant therapy and received the multidisciplinary team care procedures based on their needs.
All participants underwent 19 procedures. The invasive procedures included venous, capillary, arterial (performed by the nursing team, physicians team, or both), and lumbar (physicians team) punctures, peripheral access, passage of indwelling urinary and gastric catheters (nursing team), suction, and the repositioning of the endotracheal tube (physical therapy team). Evaluation (i.e., noninvasive) procedures were performed by all teams, including changing diapers, bed sheets, positions, and sensors as well as perianal swabs, dressing changes (nursing team), radiography (radiographer), adjusting MV (physicians team, physical therapy team, or both), and replacement the fixation of the endotracheal tube (physical therapy team).
The team of professionals who conducted the protocols was composed of pediatricians, nurses, nursing technicians, and physical therapists. The primary researcher trained these professionals with regard to the present study's protocols before the study began. This training was conducted over one month during all shifts (morning, afternoon, and night) for 30 to 40 minutes, either individually or in pairs. A total of 137 professionals (all members of the multidisciplinary team) were trained (Appendix 2).
A fabric covered all PTI incubators to dim the lights in the NICU. Infants undergoing phototherapy wore eye protectors, and the incubators in which they were placed were partially covered with fabric.
The present study was performed in accordance The parents and guardians of the participants were informed of the study protocols, which were only performed after they had read and signed the informed consent document.
Statistical analysis
Data analyses were performed using descriptive techniques to identify adverse events and major PTI characteristics. An analysis of the relationship between the categorical variables and the minimal handling protocols was performed using Fisher's exact test. The nonparametric Mann-Whitney test was used to examine continuous, quantitative variables. A correlational analysis of the number and types of procedures and adverse events was performed using Spearman's test.
These tests were used because of the small sample size and because their efficiency is similar to those of parametric tests. The significance threshold used in this study was 5%.
The analyses were performed using Statistical Package For Social Sciences (SPSS, Chicago, IL, USA), version 13.0. Table 1 shows the PTI characteristics by gestational age, birth weight, and their 1-and 5-minute Apgar scores. Table 2 shows the distribution of participants by gender, size according to gestational age, the use of antenatal corticosteroids, and their HMD classification. The participants are divided into groups (SG and MG) in both tables. Table 3 shows that the adverse events evaluated during the first 12 hours (SG) and between 12 and 72 hours (MG) after surfactant therapy were similar (i.e., significant difference were not observed between them; p>0.05).
Results
A significant between-group difference was observed with regard to the occurrence of PIVH: All NBs who presented PIVH (n=6) were assigned to the SG (p=0.02). Specifically, 4 NBs had grade I (one to the right, two to the left, one bilateral), and 2 NBs had bilateral grade III.
The mean number of procedures per PTI was 72.7 (8.4 ). The variation coefficient shows that the variability near the mean was 11.5%, which is low. No between-group differences were observed with regard to this parameter (p=0.26). Significant group differences were observed with regard to noninvasive (p=0.02) and nursing procedures (p=0.01); specifically, the SG underwent more of these types of procedures.
Significant between-group differences were not observed with regard to invasive (p=0.10) and physicians procedures (p=0.10). However, physicians (r=0.48, p=0.002), generally invasive (r=0.46, p=0.003), and physical therapy procedures (specifically endotracheal tube suction, r=0.67, p<0.001) showed weak to moderate correlations with desaturation events regardless of PTI group (Figure 2) . Importantly, the characteristics related to the medical treatment of the NBs, such as venous expansion with physiological serum (p=0.51), metabolic acidosis (p=0.15), the use of bicarbonate (p=0.64), amines (p=0.50 for dobutamine, p=1.00 for dopamine), and midazolam (p=0.20 for bolus), did not significantly differ between groups. No PTI received continuous midazolam, and surfactant therapy occurred within two hours after birth.
Discussion
The between-group comparison of the number of adverse events during the 72 hours after surfactant therapy did not reveal any significant differences. This finding indicates that maintaining the PTIs without changing their position (the head placed in the midline with a headboard inclined at 30 degrees) and applying the multidisciplinary team care procedures (i.e., minimal handling) based on their needs did not significantly affect HR, SpO 2 , or body temperature. However, the occurrence of peripheral oxygen desaturation was related to the type of procedure (e.g., physicians, generally invasive, and endotracheal tube suction procedures); specifically, more types of procedures positively predicted the number of desaturation events. These results match those of studies showing a higher incidence of peripheral oxygen desaturation events and hypoxemia among PTIs receiving endotracheal tube suction procedures 12, [20] [21] [22] [23] and decubitus changing, respectively. These results were significant different from other types of procedures [20] [21] [22] [23] . Endotracheal suctioning, which is commonly performed by physical therapists in the NICU, is an invasive procedure with the potential to generate significant clinical instability among PTIs 24,25 . Therefore, this procedure must be indicated and executed properly to prevent adverse events related to oxygenation, airway lesions, laryngospasm, bradycardia, atelectasis, pain, increased intracranial pressure, local infection, and pneumothorax 24, 25 . Although it was not the primary objective of the current study, the occurrence of PIVH significant differed between the minimal handling protocol groups 72 hours after surfactant therapy: All PTIs who exhibited this change were assigned to the SG (i.e., they stayed under minimal handling conditions for 12 hours). Because minimal handling time differentiated the two groups, this finding indicates that minimal handling time affects the development of this change during the first 72 hours after surfactant therapy. This period is critical for the occurrence of such a change 14, 15 .
McLendon et al.
16 conducted a multicenter observational study of five NICUs in the United States to evaluate the most effective healthcare practices for reducing brain injuries (e.g., PIVH) among very low birth weight NBs on MV during the first week of life, especially during the first 72 hours. This study demonstrated that, among other care measures, the practice of minimal handling by maintaining the head in the midline, avoiding endotracheal suction, maintaining cardiorespiratory stability after exogenous surfactant therapy, reducing stress caused by noise and light, and reducing painful procedures reduced the occurrence of PIVH in this population.
As stated previously, this study sought to evaluate the physiological effects due to minimal handling protocols, which are inexpensive and available at all Brazilian NICUs, and not the incidence of PIVH. Thus, our findings confirm and complement those reported by McLendon et al. 16 because they demonstrate that one of the benefits of minimal handling among very low birth weight NBs is ensuring the stability of their physiological parameters.
The literature shows that very low birth weight PTIs are at a 50% risk of developing PIVH during the first 24 hours of life; furthermore, this risk increases to 90% over the next 72 hours 26 . Thus, given the likelihood of the increased occurrence of this change over the first days of life 16 and the fact that PIVH can lead to delays in psychomotor development with possible sequelae 27 , NICU professionals should consider the types of procedures and their periodicity with regard to PTIs undergoing surfactant therapy, especially over the first 72 hours of life.
Studies examining the effect of minimal handling protocols on the physiological stability and development of PTIs admitted to NICUs should evaluate the protocols used within these units, given the effects of the various factors involved in this context, especially with regard to the occurrence of PIVH, which needs to be investigated further.
The present study is important because it is the first Brazilian study to explore matters that have been rarely investigated, but which are of fundamental importance to clinical practice. This study compared two minimal handling protocols on the HR, SpO 2 , and body temperature of PTIs with RDS receiving MV and exogenous surfactant therapy in accordance with the literature. However, this study has limitations such as its small sample size, the lack of evaluation regarding the effect of sound stimuli and pain in arterial blood pressure, the effect of the MV parameters, the duration of adverse events, and NBs' behavioral states during the intervention and their duration. Despite these limitations, the results enable us to recommend the minimal handling protocol in clinical practice among PTIs receiving MV and exogenous surfactant therapy over the first 72 hours of life because this protocol is safe. However, this recommendation must be applied with caution because peculiarities and other factors associated with the healthcare conducted in different NICUs across Brazil might exist that also affect the clinical stability of NBs. These peculiarities might include the profile and adherence of the multidisciplinary team with regard to changes in neonatal care routines as well as the perceptions of healthcare professionals concerning the practice of minimal handling among PTIs
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. These factors must be investigated further. The findings of this study can effectively contribute to the roles played by NICU multidisciplinary teams, especially those of the physical therapist, in evaluating and intervening with defined criteria based on scientific evidence. However, physical therapy techniques and procedures must be studied further in this context. Because physical therapists have been gaining autonomy and appreciation for their activities and work within these units, studies in neonatology should facilitate the production of scientific knowledge regarding physical therapy and the use of evidence-based practice in clinical decision making.
In conclusion, the practice of minimal handling as performed in this study did not alter the physiological stability of very low birth weight NBs. However, additional studies are needed to primarily investigate the occurrence of PIVH, especially within the first 72 hours after birth. 
STANDARD MINIMAL HANDLING PROTOCOL
(Based on the routines of the NICUs at the institution where the study was conducted)
• 1 -Throughout the study period the following actions will be taken: -A fabric cover will be maintained over the infants' incubators to reduce the stress caused by light. -Actions will be taken to reduce noise and the stress caused by that noise (e.g., not hitting the incubator or placing objects on top of it; opening and closing the portholes of the incubator carefully; speaking quietly; promptly attending to monitor and crib alarms; avoiding the accumulation of water in the MV circuits, avoid conversations next to the crib, and careful garbage collection and hamper use).
-If they so desire, the infants' mothers (full time) and fathers (9 am to 9 pm) as well as other family members may visit them in the ICU in accordance with the visiting schedule posted on the door of each ICU and the standards of the institution (i.e., a maximum of two visitors, one at a time, for 15 minutes, and accompanied by the father or mother).
• 2 -At least 12 hours after the admission care procedure described in Chapter 2 (section 2.6, item 2.6.2), the following procedures will be performed:
-Physical and clinical evaluations (pulmonary and cardiac auscultation, arterial pulse measurement, palpation of the abdomen, visual observation of skin integrity and the infant's body as a whole) will be conducted by the physician, nurse, nursing technician, or physical therapist, preferably based on the following schedule: morning (8 am to 10 am), afternoon (2 pm to 4 pm), and evening (8 pm to 10 pm). Evaluations may be conducted at other times.
-The positioning of sensors (pulse oximetry and temperature) will be changed every 2 hours. -Blood gas analysis and chest radiograph will be conducted after one hour and six hours of surfactant therapy, respectively.
-Blood pressure will measured when ordered by a physician.
-Drugs and sedation bolus will be administered via the umbilical catheter in the event of agitation, facial expressions suggestive of pain, poor adaptation to MV, or prior to invasive procedures such as venous or arterial punctures upon medical prescription.
-Puncture is necessary to measure capillary blood glucose according to medical criteria.
-Endotracheal suction is not to be performed unless otherwise indicated through the evaluation of the respiratory pattern by the on-call physical therapist (i.e., an obstructive pattern or poor adjustment to MV associated with SpO 2 < 88%, HR < 100 bpm, or both without improvement after increasing MV (FiO 2 > 50%, peak inspiratory pressure [PIP] ≥ 20 cmH 2 O, positive end-expiratory pressure [PEEP] ≥ 6 cmH 2 O and respiratory rate [f] ≥ 45 bpm) or due to medical request after infant evaluation.
-The infant will not receive baths or hygienic care -The infant will be positioned in the bed as follows: -supine in "nest" with fabric rolls; -head in the midline and neutral position; and -headboard elevated to 30 degrees.
• 3 -The following procedures will be performed over the next data collection period (up to 72 hours after birth):
-The positioning of sensors (pulse oximetry and temperature) will be changed every 2 hours.
-Incubator bed sheets and diapers change will be routinely changed every 2 hours.
-Arterial or venous puncture for blood gas analysis and lumbar puncture for other exams will be performed according to medical indication.
-Peripheral access will occur, if necessary, according to medical request.
-Dressings for skin lesions will be applied when necessary.
-Indwelling urinary catheter will be used in cases of distended bladder and when medically indicated.
-Chest and abdomen radiography will be performed when medically indicated or requested.
-The endotracheal tube will be repositioned, if necessary after radiographic evaluation.
-The endotracheal tube will be replaced or fixed if it is loose, at risk of accidental extubation, or both.
-Endotracheal suction is not to be performed unless otherwise indicated through the evaluation of the respiratory pattern by the on-call physical therapist (i.e., an obstructive pattern or poor adjustment to MV associated with SpO 2 < 88%, HR < 100 bpm, or both without improvement after increasing MV (FiO 2 > 50%, PIP ≥ 20 cmH 2 O, PEEP ≥ 6 cmH 2 O, and f ≥ 45 bpm) or due to medical request after infant evaluation.
-Infants will be reweighed 48 hours after birth if they are stable (SpO2 > 90% and HR > 100 bpm) and upon medical request.
-The infant will be bathed and receive hygienic care beginning on the second day of life, if necessary.
-The infant will be positioned in the bed as follows: -supine in "nest" with fabric rolls; -head in the midline and neutral position; and -headboard elevated to 30 degrees. -Decubitus will be adjusted every three hours.
MODIFIED MINIMAL HANDLING PROTOCOL (Proposed by the researchers)
• 1 -Throughout the study period the following actions will be taken:
-A fabric cover will be maintained over the infants' incubators to reduce the stress caused by light.
-Continual guidance will be provided to the ICU team regarding the reduction of noise and the stress caused by that noise (e.g., not hitting the incubator or placing objects on top of it; opening and closing the portholes of the incubator carefully; speaking quietly; promptly attending to monitor and crib alarms; avoiding the accumulation of water in the MV circuits, preventing crib shifting, and careful garbage collection and hamper use).
• 2 -At least 12 hours after the admission care procedure described in Chapter 2 (section 2.6 item 2.6.2), the following procedures will be performed:
-Physical and clinical evaluations (pulmonary and cardiac auscultation, arterial pulse measurement, palpation of the abdomen, visual observation of skin integrity and the infant's body as a whole) will be conducted by the physician, nurse, nursing technician, or physical therapist, preferably based on the following schedule: morning (8 am to 10 am), afternoon (2 pm to 4 pm), and evening (8 pm to 10 pm). When necessary (e.g., clinical instability), the evaluations may be conducted at times other than those stated above.
-The infant will not receive baths or hygienic care -The infant will be positioned in the bed as follows:
-supine in "nest" with fabric rolls; -head in the midline and neutral position; and -headboard elevated to 30 degrees.
• 3 -The following procedures will be performed over the next data collection period (up to 72 hours after birth): -Physical and clinical evaluations (pulmonary and cardiac auscultation, arterial pulse measurement, palpation of the abdomen, visual observation of skin integrity and the infant's body as a whole) will be conducted by the physician, nurse, nursing technician, or physical therapist, preferably based on the following schedule: morning (8 am to 10 am), afternoon (2 pm to 4 pm), and evening (8 pm to 10 pm). Evaluations may be conducted at other times.
-The positioning of sensors (pulse oximetry and temperature) will be changed every 2 hours. -Diapers will be changed when needed or impairing infants' physical and clinical conditions. -Arterial or venous puncture for blood gas analysis and lumbar puncture for other exams will be performed according to medical indication.
-The infant will not receive baths, cleanings, or a change of sheets, nor will they be weighed.
-The infant will be positioned in the bed as follows: -supine in "nest" with fabric rolls; -head in the midline and neutral position; and -headboard elevated to 30 degrees.
